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THE THERAPEUTIC VALUE OF COPPER AND ITS 

DISTRIBUTION IN THE TUBERCULOUS 

ORGANISM 

STUDIES ON THE BIOCHEMISTRY AND CHEMOTHERAPY OF 
TUBERCULOSIS. XI* 

Harry J. Corper 

(From the Otho S. A. Sprague Memorwl Institute, and the Pathological Laboratory of the 

University of Chicago.) 

In 1911 the study of a number of problems bearing on the chemo- 
therapy of tuberculosis was begun. Among them was included the 
study of various salts of copper to determine (1) whether or not 
copper possessed any bactericidal action toward the tubercle bacillus, 
(2) whether or not it in any way influenced the progress of the disease 
in the animal organism or, in other words, was of therapeutic value, 
and (3) its distribution in the tuberculous organism. 

The reasons for choosing copper and its salts were that it repre- 
sents the large class of chemical substances, the heavy metals, which 
have proved of vast importance biologically ; that it has a reputed 
value in the treatment of diseases due to higher fungi, such as idio- 
mycosis, actinomycosis, and sporotrichosis, and that it possesses sup- 
posedly high fungicidal and bactericidal properties as compared to its 
low toxic properties. 

The work was well under way and results at hand when, in 1912, there 
appeared three papers with rather striking results from the use of copper in 
tuberculosis by Dr. Grafin von Linden,' E. Meissen," and A. Strauss. 3 Shortly 
afterwards a controversial paper appeared by Selter 4 who, tho associated with 
von Linden in the experimental work, did not agree with her conclusions. A 
second paper by von Linden 5 appeared a little later practically repeating the 
first paper. Strauss 6 then reported on the treatment of skin tuberculosis with 
favorable results, in seventy cases, from the use of compounds of copper and 
iod-methylene blue, made according to a special process by Farbenfabrik vorm. 
Fr. Bayer & Company. All of these papers were considered more fully in a 
preliminary report as a result of some of the work included in this paper. 7 

* Received for publication August 24, 1914. 

1. Beitr. z. Klin. d. Tuberk., 1912, 23, p. 201. 

2. Ibid., p. 215. 

3. Ibid., p. 223. 

4. Ibid., 24, p. 261. 

5. Munchen. med. Wchnschr., 1912, 59, p. 2560. 

6. Ibid., p. 2718. 

7. Corper, DeWitt, and Wells: Jour. Am. Med. Assn., 1913, 60, p. 887. 
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Strauss 8 reports further cases of external tuberculosis treated with the 
copper lecithin compounds and iod-methylene blue with striking improvement. 
Feldt" states that copper, in the forms of copper chlorid and copper sulphate, 
inhibits growth only in a dilution of 1 : 5,000 on asparagin media. DeWitt 
found that tubercle bacilli can be suspended for days in a 1 percent solu- 
tion of copper chlorid without evident decrease in their virulence for guinea- 
pigs. 10 

Bodmer" gave copper treatment to about twenty cases of pulmonary tuber- 
culosis, mostly severe cases, and believes that, in some, benefit was obtained. 
Pekanovich 12 tried giving copper intravenously, at frequent intervals, in 18 cases 
and found it had no influence on the fever or the other symptoms of pulmonary 
tuberculosis. His associate, Somagyi, tested the copper in salve form for two 
months on cases of lupus and tuberculosis verrucosa cutis without benefit. 
Eggers 13 treated fifteen cases of internal tuberculosis using the von Linden 
preparations supplied by Bayer and Company, and according to their directions, 
and states that the results in these cases were questionable. Five cases of exter- 
nal tuberculosis were treated with beneficial results. PohP 4 used the von Linden 
therapy in eighteen cases of internal tuberculosis, giving internal (capsule), 
intravenous, and inunction treatments, with negative results. He suggests that 
some other form of copper may prove valuable but that this treatment was of 
no value. 

Von Linden 15 states that she found copper salts to be equal to gold (which 
Feldt had found to inhibit growth in concentrations from 1 : 100,000 to 
1 : 2,000,000) in their power to inhibit growth. The tubercle bacilli, according 
to von Linden, have a special affinity for copper salts and methylene-blue and 
absorb these in large amounts from watery solutions. If media containing cop- 
per are planted with tubercle bacilli, the cultures (1-2 days after inoculation) 
turn a green or reddish color, this accumulation even occurring in a dilution of 
1 : 1,000,000. Organisms from the air contaminating the media remain uncolored, 
indicating a special affinity of the tubercle bacillus for copper, not possessed by 
molds and air bacteria. A like affinity for copper, as demonstrated chemically, 
is also shown by tuberculous tissues according to the first paper by von Linden. 
If the tuberculous lung of a recently killed animal is placed in a copper lecithin 
solution of 1 : 100,000 copper content for 24 hours at 37 C, the tubercles are col- 
ored green, while the healthy lung gets a copper haemol color. The green 
color is due to deposited copper salts. In cultures on artificial protein media, 
copper chlorid and copper lecithin inhibit growth in concentrations of 1 : 1,000,000. 
As 1 : 100,000 kills the cultures, transfer to fresh media or inoculation into ani- 
mals gives negative results. Copper lecithin media are more active in this 
respect than media containing copper chlorid. It requires 0.4 mg. copper as 
copper chlorid in dilution of 1 : 2,000 to kill 1 mg. of tubercle bacilli in 24 hours. 
In five hours the bacilli were weakened to a considerable extent. Copper cinna- 
mate in cod-liver oil proved to be more active in this respect. 

Finally, Strauss" tried to explain various theoretical points in the use of 
Lecutyl (a proprietary name for the copper lecithin preparations put on the 
market by Farbenfabriken vorm. Fr. Bayer & Company) and described his 
method of treating external tuberculosis. 

8. Deutsch. med. Wchnschr., 1913, 39, p. 503. 

9. Ibid., p. 549. 

10. Ztschr. f. Chemoth., 1913-14, .2, p. 126. 

11. Miinchen. med. Wchnschr., 1913, 60, p. 1756. 

12. Deutsch. med. Wchnschr., 1913, 39, p. 1352. 

13. Beitr. z. klin. Tuberk., 1913, 29, p. 261. 

14. Wien. klin. Wchnschr., 1914, 27, p. 96. 

15. Miinchen. med. Wchnschr., 1914, 61, p. 586. 

16. Ztschr. f. Chem., 1914, 2, p. 171. 
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TOXICITY OF COPPER SALTS OF AMINO ACIDS 

The copper amino acid mixtures, a combination of copper with the 
"bausteine" of the protein molecule, which were used in many of our 
experiments, would seem, in many ways, to have decided advantages 
over the ordinary inorganic copper salts for introduction into the 
animal organism; there at least appeared to be no logical objection to 
their use. The mixtures were made by hydrolizing with sulphuric 
acid different proteins (egg white and human placenta) until no biuret 
reaction was given, removing the H 2 S0 4 with Ba(OH 2 ) and any free 
ammonia by boiling, and then saturating with fresh copper oxid all 
the amino acids present. Theoretically, the mixtures consisted of the 
copper salts of all the amino acids present in the proteins used. Since 
no observations are available on the toxicity of these mixtures, it was 
found necessary to determine this. Comparisons were made with a 
copper salt, copper sulphate, that had been previously thoroughly 
studied. The systemic toxicity was tested in mice, and it was found 
that the systematic toxicity of copper sulphate and the copper amino 
acid mixtures based on equal copper contents is about the same, the 
lethal dose being between 0.05 and 0.1 mg. copper intraperitoneally 
for a 10 gm. mouse. When given intramuscularly, absorption is 
uncertain on account of the protein combinations formed by copper in 
the tissues, and comparable results are not easily obtained, but the 
approximate lethal dose is 0.1 mg. copper for a 10 gm. mouse. 

To compare the local toxic actions of copper sulphate and the copper amino 
acid solution, the method of intracutaneous inoculation (using 1 ex. tuber- 
culin syringe, graduate in 0.01 ex.) was used. Guinea-pigs were given intracu- 
taneous injections of 0.2 ex. of varying concentrations of the two copper com- 
pounds (1.0, 0.1, 0.01, and 0.001 percent copper concentration), one on one side 
of the back and the other on the opposite side, equal concentrations opposite 
each other. Daily observations were then made with results showing that the 
local toxicity of the copper amino acid mixture does not greatly differ from 
that of copper sulphate. The extent of the lesion produced is about the same 
in both cases ; while the lesion is larger in the case of the former, it is deeper, 
as indicated by skin thickness, in the case of the latter. A difference, however, 
exists in the fact that the copper amino acid mixture produces a hemorrhagic 
lesion while the copper sulphate produces a simple necrosis in higher concen- 
trations. A 0.01 percent copper concentration seems to be tolerated without a 
marked injury to the tissues, even tho 0.001 percent still causes a transient 
induration. 

ABSORPTION OF COPPER BY INUNCTION 

Absorption of copper by inunction in guinea-pigs was tried, but 
the results were unsatisfactory, as shown by the following experiments. 
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Two guinea-pigs received 2 gm. of SO percent copper oleate (0.1 gm. copper) 
in lanolin, and four days later another 2 gm. Three days after the last inunc- 
tion, the liver of Guinea-pig A was analyzed by the method given later in this 
paper, yielding 0.14 mg. copper in the total 13 gm. of liver. Eight days after 
the last inunction the total liver of Guinea-pig B, 13 gm., yielded 1.3 mg. copper. 

A guinea-pig received 2 gm. of 50 percent copper oleate (0.1 gm. copper) 
in lanolin ; four days later, 2 gm. ; eight days later, 3 gm. ; and seven days later 
3 grams. The animal was dead on the ninth day after the last inunction. The 
total liver, 11 gm., yielded 0.3 mg. of copper. 

A guinea-pig received (the solution was painted on and allowed to dry) 
3 c.c. of copper amino acid solution (each cubic centimeter containing 15 mg. 
copper), and four days later another 3 c.c. Eight days after the last adminis- 
tration the total liver, 10 gm., yielded 0.21 mg. copper. 

Result. — It can be stated, then, that copper is absorbed from the 
skins of guinea-pigs after administration of copper oleate in lanolin by 
inunction, or copper amino acid solutions painted on and allowed to 
dry, but the amounts absorbed are correspondingly small as compared 
to the amount administered, and that this method of administration 
offers many inconveniences as compared to other methods. 

TABLE 1 

The Effect of Copper by Mouth on Tuberculosis of the Rabbit's Eye 
Series A. 0.01 mg. Human Tubercle Bacilli 



No. 


Time Copper 
Administered 


Duration of 
Tuberculosis 


Weight of Eye 




Right 


Left 


2 
5 
6 
9 
10 


109 days 

110 days 
63 days 
Control 
Control 


Control 
105 days 

58 days 
107 days 
105 days 


3.60 
3.05 

3.&S 
5.90 


3.60 
3.00 

2.'95 
3.03 



Series B. 0.05 mg. Human Tubercle Bacilli 



3 


78 days 


Control 


3.55 


3.45 


4 


77 days 


Control 


3.10 


3.10 


7 


77 days 


72 days 


5.15 


2.60 


8 


77 days 


72 days 


6.30 


3.00 


11 


Control 


72 days 


5.45 


3.09 


12 


Control 


73 days 


3.50 


2.70 



THERAPEUTIC FEEDING EXPERIMENTS WITH COPPER SULPHATE ON 
NORMAL AND TUBERCULOUS RABBITS 

Two series of six rabbits each were divided into three experiments : 
four of the rabbits merely serving as controls for the effect of the 
feeding of copper and to obtain the weights of normal eyes ; four 
serving as infected controls receiving tubercle bacilli in the right eye 
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and not receiving copper, to watch the progress of the disease in the 
eye and to obtain the final weight of the infected eye after a definite 
period of time ; and four serving as tests, being infected with tuber- 
culosis in the eye and fed copper to determine whether or not the 
copper had any effect on the progress of the disease in the eye, as 
indicated by frequent observation of the process and the final weights 
of the unruptured eyes. 

The copper was administered in the form of a 1 percent copper sulphate 
solution in 1-2 c.c. amounts, as indicated in Table 1. Briefly, it can be stated 
that the copper had no visible (macroscopical) effect upon the tissues of the 
control rabbits nor did it in any way affect the progress of the tuberculosis in 
the eyes of the copper-treated animals as compared to those of the animals not 
receiving copper. This was bcvrne out by the final weights of the eyes as well 
as by the progress of the disease, as noted by frequent inspection. 

THERAPEUTIC INJECTION EXPERIMENTS ON RABBITS 

Four rabbits, as controls, were inoculated into the right eye with 
tubercle bacilli. 

13. — A rabbit was inoculated into the anterior chamber of the right eye with 
a uniform suspension of 0.1 mg. human tubercle bacilli and met an accidental 
death 54 days after infection. There was a moderately advanced tuberculosis 
of the right eye but no pronounced enlargement of the eyeball. 

14. — Duplicate of 13, infected for 71 days, revealed at this period a slight 
tuberculosis of the right eye resembling, in amount of tuberculosis, Rabbit 23. 
Killed by bleeding on the 321st day. Right eye (3.4 gm.) contained three small 
tubercles about 0.3 cm. in diameter; left eye (3.2 gm.) and the rest of organs 
were normal. 

IS. — Duplicate of 13, infected for 71 days and observed every few days, 
revealed at this time a well-advanced tuberculosis of the right eye. Died of 
snuffles on the 137th day. Right eye completely involved but not enlarged; right 
purulent pleuritis ; left eye and the rest of the organs normal. 

16. — Duplicate of 13, infected for 71 days, revealed a markedly advanced 
tuberculous right eye, bulging, and about to rupture. Died on the 132d day. 
Complete involvement of the right eye (2.5 gm.) which had ruptured. The liver 
was slightly fatty ; pregnancy existed ; lungs congested ; the left eye (3.5 gm.) and 
rest of the organs were normal. 

In the following therapeutic experiments copper sulphate, copper 
acetate, copper oleate, and a copper amino acid mixture were injected 
intramuscularly into rabbits eleven days after inoculation into the 
anterior chamber of the right eye with 0.1 mg. human bacilli, and 
before visible tuberculosis had developed in the eye. 

17. — A rabbit was given 1 percent copper sulphate on alternate days from 
the 11th to the 48th days in amounts of 0.5-1.0 c.c, making a total of 34.4 mg. cop- 
per. On the 49th day the animal was thin, the right leg had developed an ulcer, 
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and there was a well-advanced tuberculosis in eye. Died on the 64th day. Right 
eye (4.0 gm.) tuberculous; the left eye normal (3.0 gm.) ; the liver contained 
numerous small necrotic areas and was pale ; the kidneys were pale ; the rest of 
the organs were normal. 

18. — Was given 1 percent copper sulphate on alternate days from the 11th to 
the 46th days in amounts of 0.5-1.0 c.c, making a total of 31.8 mg. copper. In 
spite of the large amount of copper sulphate given, the tubercles in the eye 
gradually developed and did not differ from those in Controls 15 and 16. Died 
on the 49th day after infection. There was a moderate tuberculosis of the right 
eye (2.0 gm.), at this period identical with that found in Controls 15 and 16; 
normal left eye (2.0 gm.) ; necrosis in right leg; liver pale with a few small 
necrotic areas ; rest of organs normal. 

19. — Was given 1 percent copper acetate on the same days and in the same 
dosage as Rabbit 17, making a total of 42.9 mg. copper within a period of 37 
days, at the end of which time injections were stopped because animal was fail- 
ing. The development of tuberculosis in the right eye was about the same as 
that in control 15. On the 71st day after infection there was a well-advanced 
tuberculosis of the right eye. Bled to death on the 285th day. Tuberculosis of 
the right eye (5.0 gm.) ; the left eye (4.0 gm.) and other organs were normal. 

20. — Duplicate of 19. The development of tuberculosis in the right eye was 
a little more rapid than in Control 16, and the eye ruptured on the 71st day. Bled 
to death on the 289th day. Well-advanced tuberculosis of the right eye (3.0 gm.) ; 
left eye (4.0 gm.) and rest of organs normal. 

21. — Given 1 percent copper oleate in oil on alternate days from the 11th to 
the 48th days in amounts of 0.5-1.0 c.c, a total of about 13.0 mg. copper. The 
development of the tuberculosis in the right eye was not as rapid as in Control 
15, but more rapid than in 14. On the 71st day there was a moderately advanced 
tuberculosis of the right eye, which on the 93d day involved the entire bulb, 
without enlargement. On the 304th day killed on bleeding. There was a com- 
pletely involved (not enlarged) right eye (4.0 gm.) ; the left eye (4.0 gm.) and 
other organs normal. 

22. — Given 1 percent copper oleate in oil on alternate days from the 11th to 
the 46th days in amounts of 0.5-1.0 c.c, a total of about 12.0 mg. copper. Died 
on the 49th day. The tuberculosis of the right eye had progressed about as 
much as in Controls 15 and 16; there was moderate tuberculosis of the right 
eye (3.0 gm.) ; a normal left eye (2.5 gm.) ; hemorrhagic lungs; a pale liver; 
other organs normal. 

23. — Was given a solution of copper amino acid mixture, containing about 
1.9 mg. copper and 1.8 mg. nitrogen per c.c, on alternate days from the 11th to 
the 48th days, in amounts of 0.3-1.0 c.c, a total of about 22.7 mg. copper. On 
the 71st day there was a moderate tuberculosis of the right eye which closely 
resembled that of Control 14. On the 133rd day there were numerous miliary 
tubercles on the iris, the anterior chamber contained pus, but the bulb was not 
enlarged. Died on the 244th day. Postmortem : The right eye was about the 
same as on the previous date ; left eye normal ; lungs hemorrhagic with numer- 
ous small foci of necrosis ; the rest of the organs normal. 

24. — Duplicate of 23, given a total of about 21.85 mg. copper. The develop- 
ment of the tuberculosis of the right eye was about as rapid as in Control 15. 
On the 71st day after infection there was a markedly advanced tuberculosis of 
the right eye and the process progressed as rapidly as in the controls. On the 
133d day the entire bulb of the right eye involved but not ruptured, and not 
much enlarged. Killed on the 317th day. Right eye (2.1 gm.) ruptured and 
entirely involved with tuberculosis; left eye (3.0 gm.) and other organs normal. 
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As a result of these experiments the following conclusions seem 
justified: Copper sulphate, copper acetate, copper oleate, and copper 
amino acid mixture injected in rabbits intramuscularly in doses total- 
ling 12.0-42.9 mg. copper during a period of thirty-seven days, the 
injections having been begun eleven days after intraocular infection 
with tubercle bacilli, and before visible development of tuberculosis, do 
not materially affect the progress of the tuberculous process in the eye 
during the period of injection, or for a period up to 269 days after the 
injections are stopped, even tho the doses of the various salts border 
on the toxic limit. 

THE THERAPEUTIC INJECTION OF VARIOUS COPPER SALTS INTO GUINEA- 
PIGS AFTER INFECTION WITH TUBERCULOSIS 

The weights of the guinea-pigs in the following series were taken 
frequently during the period of observation, but were found of no 
especial significance, hence are omitted. 

Three guinea-pigs, as controls, were inoculated with tuberculosis 
and were not given copper. 

25. — Female guinea-pig inoculated subcutaneously on the left side of anterior 
abdominal wall with bacilli, 0.1 mg. human bacilli. The development of the local 
tubercle was compared with that in copper treated animals. On the 70th day 
there was a large tuberculous nodule in the left mammary gland and the local 
lymph glands were about 2 cm. in diameter. Died on the 119th day. Post- 
mortem : The local glands were 1-2 cm. diameter ; no enlarged retroperitoneal 
glands; peribronchial glands moderately enlarged; large necrotic areas involving 
nearly the entire liver ; spleen enlarged and partly necrotic ; lungs consolidated ; 
pregnancy. 

26. — Duplicate of 25. On 70th day after infection fairly large local tuber- 
culous glands and a hard mass in the mid-line. Died on the 140th day. Post- 
mortem : The peribronchial and retroperitoneal glands were enlarged ; spleen and 
liver contained numerous necrotic areas; lungs small foci of necrosis; hemor- 
rhage into the peritoneal cavity. 

27. — Duplicate of 25. On 70th day a fairly well-advanced local tuberculous 
mass of glands. Died on 159th day. Postmortem : The local, peribronchial, and 
retroperitoneal glands much enlarged; liver large masses of necrosis; spleen 
markedly enlarged with one large mass of necrosis; lungs multiple foci of 
necrosis ; hemorrhagic fluid in the peritoneal cavity. 

Four guinea-pigs were inoculated with tubercle bacilli in the same 
way as 25, 26, and 27, and were given copper in various forms. 

28. — Female guinea-pig was inoculated with 0.1 mg. human bacilli and on the 
11th day treatment was begun by intramuscular injection of 1 percent copper 
sulphate solution on alternate days to the 45th day, in amounts of 0.3-0.75 c.c, 
making a total of about 17.7 mg. copper. The tuberculosis in this guinea-pig 
progressed about equal to that of Control 25, which also gave birth to two 
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young. On the 70th day after infection the local glands measured about 2 cm. 
As a whole this animal compared well with Controls 25 and 26. Died on the 
89th day. Postmortem: The local glands were large; spleen large with necrotic 
areas (7.0 gm.) ; liver pale with large foci of necrosis; lungs small foci of 
necrosis. 

29. — Guinea-pig infected in the same way. From the 11th day copper acetate 
(1 percent solution) was given by intramuscular injection, and in the same 
doses as copper sulphate was given to Pig 28, making a total of 22.1 mg. 
copper. The local tuberculosis advanced more rapidly than in Controls 26 and 
27. Local glands ruptured on the 59th day. Died on the 111th day. Post- 
mortem : The local glands were small, peribronchial glands enlarged and hard ; 
hemorrhagic peritonitis ; liver and spleen enlarged with numerous large foci of 
necrosis ; lungs numerous foci of necrosis. 

30. — Guinea-pig infected in the same way. From the 11th day after infec- 
tion, copper oleate (1 percent solution in oil) was given, by intramuscular 
injection on alternate days to the 45th day in amounts of 0.3-0.75 c.c, making a 
total of about 6.6 mg. copper. The tuberculosis in the local glands progressed 
about as in 26 and 27, and on the 70th day were about 2 cm. in diameter. Died 
on the 135th day. There was an ulcer at site of injection; local glands enlarged, 
peribronchial and retroperitoneal glands slightly enlarged; numerous large 
necrotic areas in the liver and spleen ; multiple necrotic areas in lungs. 

31. — Guinea-pig infected like the others. From the 11th day it received 
a copper amino acid mixture (containing 1.9 mg. copper and 1.8 mg. nitrogen 
per c.c.) intramuscularly on alternate days to the 45th day in amounts of 
0.1-0.75 c.c, making a total of about 10.9 mg. copper. The local glands were 
only slightly enlarged on the 70th day after infection. Died on the 157th day. 
Postmortem : The local glands, retroperitoneal, and peribronchial glands 
enlarged ; spleen markedly enlarged and made up of large necrotic areas ; liver 
almost entirely necrotic ; numerous large foci of necrosis in lungs, a few small 
areas in kidneys. 

As a result of the experiments the following conclusion seems 
justified: Copper sulphate, acetate, oleate, and copper amino acids do 
not appreciably affect the progress of tuberculosis in guinea-pigs when 
given by injection on the eleventh day after infection, and continued 
for thirty-four days (a total of 6.6-22.1 mg. copper being given), as 
indicated by the duration of life and the lesions. 

32. — Guinea-pig was inoculated subcutaneously on the left side of the anterior 
abdominal wall with 0.05 mg. human bacilli. The development of the local 
tubercle was carefully observed and compared with the developments in copper 
treated guinea-pigs. On the 52nd day small tuberculous nodules were present. 
Died on 180th day. Postmortem: The local, peribronchial, and retroperitoneal 
glands moderately enlarged ; spleen about twice normal size, and full of small 
necrotic areas; a few necrotic areas in the liver; numerous necrotic areas in 
the lungs. 

33. — Duplicate of 32; inoculated in same way. On the 52nd day after injec- 
tion small local tuberculous glands were present; died on 89th day. Post- 
mortem : The local glands were not much enlarged ; spleen enlarged with large 
necrotic areas ; liver and lungs full of necrotic areas ; hemorrhage in the peri- 
toneal cavity; tubercles in the omentum. 
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Eight guinea-pigs were inoculated with the same tubercle bacilli 
as 32 and 33 and received copper in various forms. 

34. — Inoculated with 0.05 mg. human bacilli, and, on the 14th day, treatment 
was begun by intramuscular injection of a 1 percent copper sulphate solution 
as follows: 14th, 16th, and 19th days— 0.75 c.c. each; 27th day— 0.5 c.c; a 
total of 7.0 mg. copper. On the 52nd day after injection, the tuberculosis in 
this animal had progressed just about as far as in the Controls 32 and 33. The 
copper injection produced necrosis and was stopped on the 27th day. Died on 
the 112th day. Local glands small; enlarged peribronchial lymph glands; large 
necrotic areas in the right lobe and numerous small such areas throughout the 
liver ; spleen enlarged with numerous foci of necrosis ; double hydrothorax ; 
numerous small necrotic areas in lungs ; kidneys pale. 

35. — Duplicate of 34; on the 52nd day local glands larger than those of Con- 
trols 32 and 33. Died on the 182nd day. Local, retroperitoneal, and peri- 
bronchial glands enlarged ; spleen markedly enlarged with large masses of 
necrosis; numerous large areas of necrosis in liver and lungs. 

36. — Duplicate of 34 and 35; given intramuscular injections of a 1 percent 
copper acetate solution as follows : 14th, 16th, and 19th days ; — 0.75 c.c. each day ; 
a total of 7.2 mg. copper. Died on 20th day after injection; postmortem 
revealed necrotic areas only at the site of injection. There was no visible 
enlargement of the local glands and the organs all appeared normal micro- 
scopically. 

37. — Duplicate of 36; given copper acetate (1 percent solution) on the fol- 
lowing day after injection ; 14th, 16th, and 19th days ; 0.75 c.c. each ; 27th day, 
0.5 c.c. ; a total of 8.8 mg. copper. On the 52nd day after infection the size of 
the local glands was decidedly larger than that of the control. Died on the 96th 
day. Local glands about 1 cm. in diameter; peribronchial and retroperitoneal 
glands moderately enlarged ; numerous foci of necrosis in the liver ; spleen much 
enlarged and necrotic, adherent to the stomach; lungs numerous small foci of 
necrosis. 

38. — Duplicate of 37; given intramuscular injection of 1 percent copper oleate 
in oil as follows: 14th, 17th, and 19th days— 0.75 c.c; 27th day— 0.5 c.c; a total 
of 2.7 mg. copper. On the 52nd day after infection there was a large hard mass 
in the region of the mammary gland, and the local lymph glands enlarged far 
more than those of the control. Died on the 119th day. Local, peribronchial, 
and retroperitoneal gland enlarged ; liver necrotic ; spleen enlarged with large 
foci of necrosis; numerous foci of necrosis in lungs. 

39. — Duplicate of 38; given a total of 2.7 mg. copper. On the 52nd day after 
infection the local glands were distinctly palpable and at least as far advanced 
as the controls, which were not given copper. Died on the 183rd day. Local, 
retroperitoneal, and peribronchial glands enlarged ; spleen enlarged and necrotic ; 
numerous necrotic areas throughout the lungs. 

40. — Duplicate of 39; received intramuscular injections of copper amino acid 
mixture containing 1.9 mg. copper and 1.8 mg. nitrogen per c.c. as follows : 
14th, 16th, 19th, and 27th days, 0.5 c.c. each ; a total of 3.8 mg. of copper. On 
the 52nd day after infection there was no palpable local lymph glands so that 
apparently, in this case, the local process was not marked. Died on the 250th 
day. Local, peribronchial, and retroperitoneal glands enlarged ; liver full of 
necrotic areas ; spleen enlarged and necrotic ; numerous small necrotic areas in 
lungs. 
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41. — Duplicate of 40; given a total of 3.8 mg. copper. This guinea-pig died 
on the 33rd day after infection and revealed at postmortem no local tuber- 
culous glands ; numerous small miliary tubercles in the spleen ; a few small 
necrotic areas in the liver; the rest of the organs normal. At the site of injec- 
tions the muscles were necrotic. 

As a result of these experiments it seems justified to state that 
copper, in the form of sulphate, acetate, oleate, and a copper amino 
acid mixture, in amounts totalling from 2.7 to 8.8 mg., had no appre- 
ciable effect on the progress of tuberculosis in guinea-pigs when begun 
fourteen days after infection and given for thirteen days, as indicated 
by the condition of the animals, the duration of life, and the lesions. 

Guinea-pig 40 lived for 250 days, but this case is probably of no 
significance as shown by further experiments, in which copper amino 
acids were given to a large number of pigs for a much longer period 
of time and in larger amounts. 

THE THERAPEUTIC INJECTION OF COPPER SALTS INTO GUINEA-PIGS BEGUN 
COINCIDENT WITH INFECTION WITH TUBERCULOSIS 

Six guinea-pigs, as controls, were inoculated with tuberculosis and 
were not given copper. 

42. — Inoculated subcutaneously on the left side of the anterior abdominal 
wall with 0.1 mg. human bacilli. Died on 94th day. Local and peribronchial 
glands enlarged; spleen enlarged and full of miliary tubercles; numerous small 
necrotic areas in liver and lungs ; rest of organs normal. 

43. — Duplicate of 42; died on the 118th day. Local, retroperitoneal, and peri- 
bronchial glands moderately enlarged; a few small indistinct necrotic areas in 
liver ; one large necrotic mass in spleen. 

44. Duplicate of 42; died on the 118th day. Local, retroperitoneal, and peri- 
bronchial glands moderately enlarged ; spleen enlarged with numerous large 
areas of necrosis ; lungs a few foci of necrosis ; large foci of necrosis through- 
out liver. 

45. — Duplicate of 42 ; died on the 87th day. Local, retroperitoneal, and peri- 
bronchial glands enlarged and hard ; spleen enlarged and full of necrotic areas ; 
a few necrotic areas in lungs. 

46. — Duplicate of 42; killed on the 38th day. Local glands moderately 
enlarged ; left retroperitoneal gland enlarged and caseous ; peribronchial glands 
not appreciably enlarged; small miliary tubercles in spleen and liver; lungs 
normal. 

47. — Duplicate of 42; killed on 38th day. Local glands moderately enlarged; 
left retroperitoneal gland enlarged and caseous ; peribronchial glands slightly 
enlarged ; spleen slightly enlarged with numerous miliary necrotic areas ; a few 
miliary necrotic areas in liver and lungs. 

Ten guinea-pigs were inoculated with tubercle bacilli with the same 
emulsion as the previous six controls, in the same dosage, and on the 
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same days. They were then given copper in the form of copper amino 
acids prepared from egg albumen. 

48. — Was given copper injections intramuscularly for 3 days previous to 
infection and on alternate days to the 29th day, in 0.3 c.c. amounts, a total of 
5.7 mg. copper. Died on the 32nd day after beginning copper treatment. Post- 
mortem: The local lymph glands enlarged; retroperitoneal glands slightly 
enlarged ; several necrotic areas in the liver ; spleen not much enlarged but full 
of miliary tubercles. 

49. — Duplicate of 48, receiving copper on alternate days to the 31st day in 
0.3 c.c. amounts, a total of 6.1 mg. copper. Killed by ether on the 120th day. 
Local and retroperitoneal glands moderately enlarged, peribronchial glands 
markedly so; spleen only slightly enlarged; a few necrotic areas in the lungs 
and liver. 

SO. — Duplicate of 49; died on the 181st day. Local and peribronchial glands 
slightly enlarged, retroperitoneal glands markedly so; spleen one large mass of 
necrotic tissue and much enlarged; liver full of large areas of necrosis; lungs 
full of small necrotic areas. 

51. — Duplicate of 48; died on the 41st day. Local and left retroperitoneal 
glands enlarged; peribronchial glands slightly enlarged and hard; enlarged 
spleen with numerous pinhead sized necrotic areas; liver a few necrotic areas. 
52. — Duplicate of 48; died on the 34th day. Enlarged retroperitoneal and 
local glands ; spleen contained multiple miliary necrotic areas, no visible necrosis 
in liver. 

53. — Duplicate of 49; died on 90th day. Local glands markedly enlarged; 
peribronchial glands hard and enlarged ; liver numerous small areas of necrosis ; 
spleen enlarged and full of necrotic areas ; lungs numerous pinhead size necrotic 
areas. 

54. — Duplicate of 48; died on 37th day. Local glands slightly enlarged; 
retroperitoneal glands not visibly enlarged; peribronchial glands enlarged and 
hard; spleen enlarged and full of necrotic areas of pinhead size; liver con- 
tained numerous miliary necrotic areas. 

55. — Duplicate of 49; killed by ether on the 120th day. Local glands mar- 
kedly enlarged; peribronchial glands moderately enlarged; spleen contained 
numerous necrotic areas and moderately enlarged; lungs full of small necrotic 
areas ; a few such in liver. 

56. — Duplicate of 49; died on the 93rd day. Local glands enlarged; peri- 
bronchial glands markedly enlarged; spleen markedly enlarged and necrotic; 
multiple large foci of necrosis in liver and numerous small foci in lungs. 

57. — Duplicate of 48; died on the 34th day. Local and retroperitoneal glands 
slightly enlarged; peribronchial glands moderately enlarged; a few necrotic 
areas in the liver; spleen enlarged to twice its normal size and contained large 
foci of necrosis. 

As a result of these experiments it seems justified to state that 
copper, in the form of copper amino acids, given to guinea-pigs two 
days previous to infection with tubercle bacilli and continued for 
twenty-nine to thirty-one days (totalling 5.7-6.1 mg. copper) did not 
appreciably affect the progress of the disease, as indicated by the 
condition, duration of life, and character of lesions. 
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the therapeutic injection of copper salts in guinea-pigs previ- 
ous to infection with tuberculosis 

Seven guinea-pigs, as controls, were inoculated with tuberculosis, 
but not given copper. 

58. — Inoculated with a uniform emulsion of tubercle bacilli on the 19th day 
of observation ; found dead on the 62nd day. The inguinal, retroperitoneal, and 
peribronchial glands enlarged and caseous ; liver filled with small areas of 
necrosis ; spleen large and soft ; lungs full of necrotic areas, and a mass of 
adhesions and caseous substance in thorax. 

59. — Killed by chloroform on the 88th day of observation. Enlarged and 
caseous glands in both groins ; liver and spleen almost completely necrotic. 

60. — Killed by chloroform on the 88th day. Large ulcer in the left groin ; 
enlarged caseous glands in both groins ; retroperitoneal and peribronchial glands 
enlarged; liver engorged with blood and contained a few miliary necrotic 
areas ; spleen enlarged and full of miliary necrotic areas. 

61. — Killed by chloroform on 88th day. A nearly healed ulcer and enlarged 
caseous gland in the left groin; retroperitoneal and peribronchial glands 
enlarged ; liver and spleen full of miliary necrotic areas ; lungs filled with trans- 
lucent necrotic areas with caseous centers. 

62. — Killed by chloroform on 88th day. Glands in left groin large and case- 
ous ; peribronchial glands enlarged ; liver engorged with blood and contained 
a few miliary necrotic areas ; spleen full of miliary necrotic areas ; lungs showed 
a few translucent necrotic areas. 

63. — Killed by chloroform on 88th day. Enlarged and caseous glands in the 
left groin ; peribronchial and retroperitoneal glands enlarged ; liver, large and 
engorged with blood, contained a few miliary necrotic areas; lungs dotted with 
translucent necrotic areas. 

64. — Killed by chloroform on 88th day. Enlarged caseous glands in the left 
groin ; retroperitoneal glands slightly enlarged ; a few miliary necrotic areas 
in the liver and lungs ; spleen packed with necrotic areas. 

Eleven guinea-pigs were inoculated on the same days and with 
similar doses of the same emulsion of tubercle bacilli as the previous 
seven controls: in addition they were given injections of copper amino 
acids on alternate days for nineteen days previous to and six days 
after infection. 

65. — Given copper injections of a mixture containing 1.5 mg. copper per 
c.c. intramuscularly in amounts from 0.3 to 0.5 ex. until 5.7 mg. copper had been 
given. Chloroformed on 95th day. A partly healed ulcer on the left side of 
the abdominal wall under which was a mass of caseous substance; peribronchial 
and retroperitoneal glands enlarged and caseous; liver full of miliary necrotic 
areas ; spleen enlarged and filled with miliary necrotic areas, borders somewhat 
necrotic; lungs dotted with large fibrous tubercles. 

66. — Chloroformed on 95th day. A group of large caseous glands in the left 
groin ; anterior mediastinal, peribronchial, and retroperitoneal glands all enlarged 
and caseous ; abdomen full of bloody fluid ; firm adhesions around liver and 
spleen ; liver and spleen dotted with miliary necrotic areas ; lungs filled with 
large caseous and fibrous tubercles. 
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67. — Chloroformed on 95th day. Ulcer discharging caseous substance on 
left side of the abdominal wall ; enlarged glands in both groins, peribronchial 
glands enlarged ; liver dotted with yellowish-green necrotic areas ; spleen large 
and filled with caseous necrotic areas ; lungs filled with large fibrous tubercles. 

68. — Died on 84th day. Enlarged caseous glands in both groins and axillae ; 
retroperitoneal and peribronchial glands enlarged and caseous ; liver pale, sev- 
eral small necrotic areas ; both lungs hard and filled with necrotic areas. 

69. — Died on 88th day. Enlarged caseous glands in both groins; liver con- 
tained several necrotic areas ; spleen large and filled with necrotic areas ; lungs 
filled with translucent tubercles having caseous centers. 

70. — Died on 87th day. Ulcer in left groin, large caseous nodules in both 
groins ; liver and spleen full of necrotic areas ; lungs full of translucent tuber- 
cles. 

71. — Died on 49th day. Glands in both groins enlarged and necrotic; liver, 
many miliary necrotic areas ; spleen enlarged and filled with miliary necrotic 
areas; lungs not much involved — only a few small early tubercles. 

72. — Died on the 49th day. Enlarged and caseous glands in both groins; 
liver, spleen, and lungs appear normal. Cause of death possibly post partum 
infection. 

73. — Died on the 85th day. Partly healed ulcer in the left groin; enlarged 
and caseous glands in both groins; peribronchial glands enlarged; liver and 
spleen large and filled with caseous necrotic areas ; lungs dotted with necrotic 
areas. 

74. — Died on 50th day. Glands enlarged and caseous in both groins; spleen 
enlarged and full of miliary necrotic areas; liver contains a few small yellow 
areas of necrosis ; lungs normal ; pericardium filled with cloudy fluid. 

75. — Died on the 77th day. A large mass of caseous substance in the abdom- 
inal wall; large caseous gland in left groin, enlarged but not caseous gland in 
right groin ; peribronchial glands enlarged and caseous ; two small necrotic areas 
in the liver; spleen full of miliary necrotic areas; lungs solid and filled with 
large necrotic areas. 

As a result of these experiments the following conclusion seems 
justified : Administration of copper, in the form of copper amino 
acids, to guinea-pigs for nineteen days previous to and six days after 
infection with tubercle bacilli, totalling 5.7 mg. copper, had no appre- 
ciable effect upon the course of the tuberculosis, as indicated by the 
lesions. The majority, eight out of eleven, of the guinea-pigs treated 
with copper died within forty-nine to eighty-eight days, while only 
one control died in sixty-two days. 

THE DISTRIBUTION OF COPPER IN THE TISSUES OF TUBERCULOUS 

ANIMALS 

In the following analyses the colorimetric method for copper was 
chosen. Even tho colorimetric methods are never as accurate as 
gravimetric methods, they are frequently more delicate, as in the case 
of copper when dealing with small amounts, and at the same time they 
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give approximately accurate results for the larger amounts. We are 
more interested in determining the presence of small amounts of 
copper in these experiments than in determining with absolute accuracy 
the larger amounts. 

Method. — The following method, as shown by controls with known amounts 
of copper added to tissues, proved to be quantitatively delicate down to 0.05 mg. 
copper, and qualitatively would still reveal amounts down to 0.01 mg. copper. 
A sample of 10-15 gm. of the tissue was weighed out in a large evaporating 
dish or Kjeldahl flask, and to it added 10 c.c. of chemically pure sulphuric 
acid. All reagents were tested for the presence of copper, and were only used 
when copper was not present in amounts determinable by the above method. 
When ready for analysis, 10-20 c.c. nitric acid were added and the mixture 
carefully heated to prevent loss by frothing. Frequent additions of small 
amounts of nitric acid were then made and the mixture carefully heated until 
all the organic matter had been destroyed. Finally, it was heated more strongly 
until the sulphuric acid was practically colorless, the addition of a few cubic 
centimeters more sulphuric acid being necessary at times. The residue was 
then washed carefully into a 100-150 c.c. Jena beaker by means of a small 
amount of distilled water (copper free — distilled in glass) and finally neu- 
tralized to litmus by means of a strong solution of sodium hydroxid (chem- 
ically pure and free from copper). After neutralization, 1-2 c.c. of sulphuric 
acid" (concentrated sulphuric acid diluted with an equal volume of water), and 
sufficient distilled water was added to bring the volume to about 80 c.c. From 
this solution the copper was then separated by electrolysis, being kept covered 
during the entire process. 18 A fine platinum wire spiral was used as deposit- 
ing electrode, and a current of sufficient voltage and amperage to deposit quan- 
titatively from 0.05 mg. copper upward within 7-8 hours, as shown by controls 
with known amounts of copper. After deposition was complete, the electrodes 
were carefully washed off by means of several changes of distilled water while 
the current was still on, or until stoppage of the current, as indicated by absence 
of gas bubbles on the electrodes, and finally by a single change of alcohol. The 
depositing electrode was then placed in a small Jena glass beaker and the alcohol 
evaporated off in a hot-air oven at 100° C. The copper was then dissolved off 
from the electrode with a few cubic centimeters of concentrated nitric acid heated 
on a water bath. This was then ready for colorimetric determination, comparison 
being made with a known standard solution of copper containing 0.1 mg. cop- 
per per cubic centimeter in a Du Bosc colorimeter. To obtain complete solu- 
tion of the copper nitrate 0.2-0.4 c.c. of an acetic acid solution (glacial acetic 
acid diluted with 10 parts of distilled water) was added, equal amounts also 
being added to the known standard copper solution, and both known and 
unknown being diluted to 10 c.c. with distilled water (0.05-0.1 mg. copper were 
found to give the best results colorimetrically and a fraction of the unknown 
was used which could be compared with this). The amount of acetic acid in 
the known and unknown solutions compared must also be about equal. To 
these was then added 1 c.c. 50 percent ammonium nitrate and 1 c.c. of a 4 percent 
solution of potassium ferrocyanid (freshly prepared each time). 19 Comparisons 
were then immediately made by placing the solutions in the chamber of the Du 
Bosc colorimeter, since changes in color soon occur. 

17. Foerster: Berlin, 1906, 39, p. 3029. 

18. Merick: Chem. News, 1876, 33, p. Ill; Kohn: Jour. Soc. Chem. Industry, 1891, 10, 
p. 327. 

19. Carnelley: Chem. News, 1875, 32, p. 308. 



532 Harry J. Corper 

ANALYSES OF TISSUES OF GUINEA-PIGS 

The number of Animals 25-76 correspond with those in previous 
series, so that the details as to lesions may be compared. 

25. — Normal pig infected with tuberculosis; organs analyzed 119 days after- 
ward. The lungs (9.0 gm. of a total 18.0 gm.), local glands (2.5 gm.), peri- 
bronchial glands (1.0 gm.), spleen (10.0 gm.), and kidneys (7.0 gm.) contained 
no copper. The liver (13.0 gm. samples) contained 0.185 mg. copper in the 
total 37 gm. 

26. — Normal pig infected with tuberculosis ; organs analyzed on the 140th 
day. The spleen (30.0 gm.) contained no copper, while the liver (total 40.0 
gm.) contained a trace (in 20.0 gm. samples). 

27.— Normal pig infected with tuberculosis ; organs analyzed on the 159th 
day. The spleen (29.0 gm.) contained no copper, while the liver (total 64.0 gm.) 
contained a trace (in 11.0 gm.). 

28. — Guinea-pig infected with tuberculosis received intramuscularly 1 per- 
cent copper sulphate solution, a total of 17.7 mg. copper; died 44 days after 
the last injection. The local glands (2.5 gm.), mammary pus (2.5 gm.), and 
spleen (7.0 gm.) contained no copper. The liver (12.0 gm. samples) contained 
0.007 mg. copper per 1 gram tissue. 

29. — Infected with tuberculosis and given intramuscularly 1 percent copper 
acetate solution, a total of 22.1 mg. copper; died 66 days after the last injec- 
tion. The local (2.0 gm.) and peribronchial lymph glands (1.5 gm.), spleen 
(9.0 gm.), and lungs (12.0 gm.) contained no copper. The kidneys (9.0 gm.) 
contained 0.063 mg, and the liver (11.0 gm. samples), 0.368 mg. in the total 
46.0 gm. 

30. — Infected with tuberculosis and given intramuscularly 1 percent copper 
oleate in oil, a total of about 6.6 mg. copper ; died 90 days after the last injec- 
tion. The spleen (8.0 gm.) contained a trace, and the liver (10.0 gm. sam- 
ples) , 0.40 mg. in the total 50.0 gm. 

33. — Normal pig was infected with tuberculosis and on the 89th day its 
organs were analyzed. The spleen (8.0 gm.) and the kidneys (8.0 gm.) con- 
tained no copper. The liver contained 0.12 mg. in the total 20.0 gm. 

34. — Infected with tuberculosis and given intramuscular injections of 1 per- 
cent copper sulphate solution, a total of 7.0 mg. copper. Died on the 85th day 
after the last injection. The liver (40.0 gm.) contained no copper in 20.0 gm. 
samples. 

37. — Infected with tuberculosis and received intramuscular injections of 1 
percent copper acetate solutions, a total of 8.8 mg. copper. Died on the 69th 
day after the last injection. The lungs (6.0 gm.), spleen (8.0 gm.), and kidneys 
(6.0 gm.) contained no copper. The liver (8.0 gm. sample) contained 0.019 mg. 
copper per 1 gram tissue. 

38. — Infected with tuberculosis, given intramuscular injections of 1 percent 
copper oleate in oil, a total of 2.7 mg. copper. Died on 92nd day after the last 
injection. The liver (35.0 gm.) contained no copper in 10 gm. samples. 

42. — Normal pig, infected with tuberculosis; on the 94th day after infection 
its liver (18.0 gm.) was analyzed and contained no copper in 10.0 gm. samples. 

43. — Normal pig, infected with tuberculosis; on the 118th day after infection 
its liver (10.0 gm. samples) was analyzed and contained 0.204 mg. copper in 
the total 34.0 gm. 
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44. — Normal pig, infected with tuberculosis; on the 118th day after infection 
its liver (10.0 gm. samples) was analyzed and contained 0.145 mg. copper in 
the total 29.0 gm. 

45. — Normal pig, infected with tuberculosis ; on the 87th day after infection 
its organs were analyzed. The local glands (3.0 gm.), spleen (10.0 gm.), kidneys 
(5.0 gm.), and liver (11.0 gm. samples of total 24.0 gm.) contained no copper. 

46. — Normal pig, infected with tuberculosis ; on the 38th day after infection 
its liver contained 0.090 mg. copper in the total 18.0 gm. 

47. — Normal pig, infected with tuberculosis; killed on the 38th day after 
infection and its liver contained 0.072 mg. copper in the total 18.0 gm. 

48. — Given copper (copper amino acids) on alternate days for 29 days, a 
total of 5.7 mg. copper, and on the 3d day was infected with tuberculosis. 
Died three days after the last copper injection. The liver (10.0 gm. samples) 
contained 0.928 mg. copper in the total 16.0 gm. ; the bile (1 c.c.) contained 
no copper. 

49. — Given copper (copper amino acids) on alternate days for 31 days, a 
total of 6.2 mg. copper, and on the third day was infected with tuberculosis. 
Killed on the 89th day after the last copper injection. Local, peribronchial, and 
retroperitoneal glands (7.0 gm.) contained no copper; the liver (11.0 gm. sam- 
ples) contained 0.180 mg. in the total 30.0 gm. 

51. — Duplicate of 48; died on the 12th day after the last copper injection. 
The liver and gall bladder contained 0.24 mg. copper in the total 12.0 gm. 

52. — Duplicate of 48; died on the 5th day after the last injection. The liver 
(11.0 gm. sample) contained 0.770 mg. copper in the total 14.0 gm. 

53. — Duplicate of 49; died 51 days after the last injection. Kidneys (4.0 gm.) 
and spleen (4.0 gm.) contained no copper. The liver contained 0.105 mg. cop- 
per in the total 15.0 gm. 

54. — Duplicate of 48; died on the 8th day after the last injection. The liver 
contained 0.590 mg. copper in the total 10.0 gm. 

55. — Duplicate of 49; killed on the 89th day after the last injection. Local, 
peribronchial, and retroperitoneal glands (4.0 gm.) contained no copper; the 
liver (10.0 gm. samples) contained 0.36 mg. copper in the total 24.0 gm. 

57. — Duplicate of 48; died on the 5th day after the last injection. The liver 
(11.0 gm.) contained 0.270 mg. copper in the total 15.0 gm. 

76. — Infected with tuberculosis and 68 days later given intramuscular injec- 
tions of copper amino acids in 0.3 c.c. amounts on alternate days for 58 days, a 
total of 11.1 mg. copper. Killed on the second day after the last injection. The 
local and peribronchial glands (3.0 gm.) and lungs (11.0 gm.) contained no 
copper; the kidneys contained 0.09 mg. in a total 5.0 gm. ; blood (7.0 gm. sample) 
0.003 mg. per 1 gm. ; and the liver 1.819 mg. Copper in a total 17.0 gm. 

Local, peribronchial, and retroperitoneal glands enlarged ; miliary tuberculosis 
in spleen ; a few miliary necrotic areas in liver ; lungs numerous large necrotic 
areas and consolidation. 

77. — Infected with tuberculosis and 68 days later given intramuscular injec- 
tions of copper amino acid mixture in 0.3 c.c. amounts on alternate days for 31 
days, a total 6.15 mg. copper. Died on the third day after the last injection. 
The local glands (3.0 gm.) contained no copper; the spleen (5.0 gm.) a ques- 
tionable trace; the kidneys (6.0 gm.) a trace; and the liver (10.0 gm. samples) 
2.17 mg. copper in the total 25.0 gm. 
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Postmortem : Local, retroperitoneal, and peribronchial glands were markedly 
enlarged ; spleen enlarged and full of necrotic areas ; large foci of necrosis in 
liver; small foci of necrosis in lungs. 

78. — Infected with tuberculosis and 68 days later given intramuscular injec- 
tions of copper amino acid mixture in 0.3 c.c. amounts on alternate days for 52 
days, a total of 10.2 mg. copper. Died on the 3rd day after the last injection. 
The local glands (5.0 gm.) contained no copper, the liver (12.0 gm. samples) 
2.290 mg. in the total 24.0 gm. Postmortem : The local glands were markedly 
enlarged ; peribronchial glands moderately enlarged ; spleen enlarged and full 
of necrotic areas ; liver contained isolated large foci of necrosis ; lungs numerous 
small foci of necrosis. 

79. — Infected with tuberculosis and 63 days later given 2 intramuscular 
injections, 2 days apart, of copper amino acid mixture, a total of '0.5 c.c. (0.75 
mg. copper) ; died the day after the last injection. The liver contained 0.184 
mg. copper in the total 23.0 gm. Postmortem : The local glands were markedly 
enlarged ; spleen enlarged and necrotic ; numerous small foci of necrosis in 
lungs ; large foci in liver. 

80. — Infected with tuberculosis and 61 days later given intramuscular injec- 
tions of copper amino acid mixture on alternate days for 87 days, a total of 
16.05 mg. copper. Died on the 2nd day after the last injection. The lungs 
(7.0 gm.) contained no copper; kidneys (6.0 gm.) a definite trace; and the liver 
(10.0 gm. samples) 0.736 mg. in the total 16.0 gm. 

Postmortem: The local glands were moderately enlarged; spleen enlarged 
and contained necrotic areas ; liver contained a few miliary necrotic areas. 

81. — Infected with tuberculosis and 57 days later given intramuscular injec- 
tions of copper amino acid mixture in 0.3 c.c. amounts on alternate days for 
52 days, a total of 10.2 mg. copper. Died on the 3rd day after the last injec- 
tion. The peribronchial and local glands (2.0 gm.) contained no copper; kid- 
neys (5 gm.) 0.155 mg. ; and the liver 3.297 mg. in the total 21.0 gm. 

Postmortem : The local glands enlarged and full of pus ; peribronchial and 
retroperitoneal glands hard and enlarged ; spleen enlarged three times normal 
size, large foci of necrosis ; large foci of necrosis in liver ; multiple foci of 
necrosis 1 mm. in diameter in lungs. 

82. — Infected with tuberculosis and 59 days later given intramuscular injec- 
tions of copper amino acid mixture in 0.3 c.c. amounts on alternate days for 101 
days, a total of 19.2 mg. copper. Died on the 3rd day after the last injection. 
The consolidated lungs (10.0 gm.) contained no copper, and the liver '0.198 mg. 
in the total 11.0 gm. 

Postmortem : The local glands moderately enlarged ; spleen twice normal size 
and full of small necrotic areas ; lungs contained numerous necrotic areas and 
consolidated; liver contained a few small necrotic areas. 

83. — Infected with tuberculosis and 40 days later given intramuscular injec- 
tions of copper amino acid mixture in 0.3 c.c. amounts on alternate days for 
29 days, a total of 5.7 mg. copper. Died on the 2nd day after the last injec- 
tion. Local glands (2.0 gm.) contained no copper ; the spleen (8.0 gm.) a ques- 
tionable trace; the kidneys 0.147 mg. in a total 7.0 gm. ; and the liver (10.0 gm. 
samples) 2.232 mg. in the total 36.0 gm. 

Postmortem : The local, peribronchial, and retroperitoneal glands enlarged ; 
multiple small necrotic areas in the lungs; spleen enlarged and necrotic; liver 
practically one-half necrotic. 
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84. — Normal guinea-pig, received copper for 39 days on alternate days in 
the form of copper amino acid mixture given intramuscularly in 0.3 c.c. amounts, 
making a total of 7.65 mg. Died on the 3rd day after the last injection. The 
liver contained 0.630 mg. copper in the total 10.0 gm. 

85. — Guinea-pig. Received intramuscular injections of copper amino acid 
mixture in 0.3 c.c. amounts on alternate days for 49 days and a final 0.3 c.c. on 
the 54th day, a total of 9.0 mg. copper. The animal was killed 57 days after 
the last injection. The liver contained 0.608 mg. copper in the total 19.0 gm. 

ANALYSES OF TISSUES OF RABBITS 

17. — A rabbit was infected in the right eye and 11 days later intramuscular 
injections of 1 percent copper sulphate given on alternate days for 37 days, 
a total of 34.4 mg. copper. Died 16 days after the last injection. The tubercu- 
lous right eye (4.0 gm.) and normal left eye (3.0 gm.) contained no copper; 
the lungs contained 0.112 mg. copper in a total 14.0 gm. ; the kidneys 0.126 mg. 
in a total 14.0 gm. ; and the liver (20.0 gm. samples) 0.210 mg. per 1 gm. tissue. 

15. — Rabbit infected in the right eye; received no copper. Died on tHe 137th 
day after infection and the liver (20.0 gm. sample) contained 0.'065 mg. copper 
in a total 65.0 gm. 

20. — Infected in the right eye; received no copper. Died on the 132nd day 
after infection. The normal left eye (3.5 gm.) and the tuberculous right eye 
(2.5 gm.), the lungs (14.0 gm.), kidneys (19.0 gm.), and liver (18 gm. samples 
of a total 83.0 gm.) contained no copper. 

23. — Infected in the right eye and given intramuscular injections of copper 
amino acid mixture, a total of about 22.7 mg. copper. Died 196 days after last 
injection. The liver (15.0 and 16.0 samples) contained 0.001 mg. copper per 1 
gram tissue. 

18. — Infected in the right eye and given intramuscular injections of 1 per- 
cent copper sulphate, a total of 31.8 mg. copper. Died on the 3rd day after 
last injection. The tuberculous right eye (2.0 gm.), normal left eye (2.0 gm.), 
and lungs (6.0 gm.) contained no copper. The left kidney contained 0.065 mg. 
in a total 5.0 gm. ; right kidney 0.06 mg. in a total 5.0 gm. ; and the liver (9.0 gm. 
samples) 0.274 mg. per 1 gm. tissue. 

22. — Infected in the right eye and given intramuscular injections of 1 per- 
cent copper oleate in oil, a total of about 12.0 mg. copper. Died 3 days after 
the last injection. The tuberculous right eye (3.0 gm.), normal left eye 
(2.5 gm.), and lungs (13.0 gm.) contained no copper. The right kidney con- 
tained 0.060 mg. copper in a total 6.0 gm. ; left kidney 0.098 mg. in the total 7.0 
gm. ; and the liver (10.0 gm. sample) 0.041 mg. per 1 gram tissue. 

86. — Non-infected rabbit received copper per os daily for 17 days in amounts 
varying from 2-4 c.c. of copper amino acid solution containing 15.0 mg. copper 
per cubic centimeter until a total of 600 mg. copper had been given. The animal 
died the day following the last feeding. Both eyes (8.'0 gm.) contained no cop- 
per; lungs 0.034 mg. in the total 17.0 gm. ; kidneys 0.180 mg. in a total 20.0 gm. ; 
and liver (19.0 and 13.0 gm. samples) 0.050 mg. per 1 gram tissue. Postmortem: 
The eyes normal ; kidneys normal ; hemorrhagic fluid in the peritoneal cavity ; 
lungs hemorrhagic and liver fatty. 

87. — Non-infected rabbit received copper per os daily for 14 days in amounts 
varying from 1-4 c.c. of 10 percent copper oleate in peanut oil, a total of 330 
mg. copper. Etherized the day after the last feeding. Right eye (3.0 gm.), left 
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eye (4.0 gm.), lungs (10.0 gm.), and right kidney (7.0 gm.) contained no copper; 
the liver (18.0 and 20.0 gm., samples) 0.001 mg. per 1 gm. tissue. 

88. — Infected in the right eye with 0.1 mg. human tubercle bacilli and 73 
days later feeding begun of copper amino acid solution containing 15.0 mg. cop- 
per per cubic centimeter daily 1-2 c.c. for IS days, a total of 360 mg. copper. 
Died the day after last feeding. The tuberculous right eye (4.0 gm.) and 
normal left eye (4.0 gm.) contained no copper, the lungs (25.0 gm. sample) 
contained 0.078 mg. in the total 39.0 gm. ; kidneys 0.087 mg. in total 17.5 gm. 
and the liver (19 gm. samples) 4.900 mg. in the total 98.0 gm. 

Postmortem : The right eye, well advanced tuberculosis ; left eye, liver, kid- 
neys, and spleen normal ; lungs marked fibrinous pleurisy. 

89. — Infected in the right eye and given copper in the same form as 88, start- 
ing 73 days after infection, 1-2 c.c. daily for 45 days, a total of 735 mg. copper. 
Killed the day after the last feeding. The tuberculous right eye (5.0 gm.) nor- 
mal left eye (4.0 gm.), lungs (8.0 gm.), and mammary gland (24.0 gm. sample) 
contained no copper; the blood (18.0 gm. sample) contained a questionable 
trace ; and the kidneys 0.014 mg. in the total 14.0 gm. 

Postmortem: There was well-developed tuberculosis of the right eye; left 
eye, liver, spleen and kidneys appeared normal; lungs, a few small necrotic 
areas. 

90.— Infected in the right eye and given copper in the same form as 88, 
starting 73 days after infection, a total of 1,380 mg. copper in 97 days. Killed 
by bleeding on the second day after the last feeding. The tuberculous right 
eye (4.0 gm.) and normal left eye (4.0 gm.) contained no copper; lungs (11,0 
gm.) contained a questionable trace; blood (10.0 gm. sample) 0.008 mg. per 
1 gram tissue; kidneys (7.0 gm. sample) 0.165 mg. copper in the total 15.0 gm.; 
and the liver (11.0 and 15.0 gm. samples) 6.954 mg. in the total 61.0 gm. 

Postmortem : Right eye well-advanced tuberculosis, but not enlarged ; left eye 
and the rest of the organs appeared normal. 

91. — Infected in the right eye, and 102 days later intramuscular injection 
begun into the hind legs on alternate days of copper amino acid solution, con- 
taining 1.5 mg. copper per cubic centimeter, 0.5-1.0 c.c. for 90 days, a total of 
55.1 mg. copper. The animal died on the 3rd day after the last injection. The 
tuberculous right eye (5.0 gm.) and normal left eye (3.0 gm.) contained no 
copper; the right lung (total lungs 40.0 gm.) contained a questionable trace of 
copper in 15.0 gm., normal left lung (9.0 gm.) a trace; the heart (13.0 gm.) a 
trace; the right (8.0 gm.) and left (8.0) kidneys a trace; and the liver (10.0 
and 13.0 gm. samples) 16.641 mg. copper in the total 83.0 gm. 

Postmortem : Well-advanced tuberculosis of the right eye ; left eye, liver, 
spleen and kidneys normal; right lung consolidated and containing small 
necrotic areas (snuffles) ; left lung a few hemorrhagic areas. 

92. — Infected in the right eye and 102 days later received copper in the same 
form as Rabbit 91, a total of 23.6 mg. copper in 38 days. Killed by bleeding 
on the third day after the last injection. The tuberculous right eye (3.0 gm.), 
normal left eye (2.5 gm.) and lungs (7.0 gm. sample) contained no copper; the 
blood (19.0 gm. sample) contained 0.004 mg. copper per 1 gram tissue; kidneys 
0.066 mg. in the total 11.0 gm. ; and liver (11.0 gm. samples) 19.778 mg. in total 
44.0 gm. 

Postmortem: Right eye about normal size but entirely tuberculous, left eye 
normal ; rest of organs normal. 
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93. — Given intramuscular injections of copper as follows: into the right thigh 
— copper amino acid solution 3 c.c. containing 12.0 mg. copper, and in the left 
thigh — 1 percent solution copper sulphate, 3 c.c. containing 7.5 mg. copper; in 
five hours the animal was killed. The liver (30.0 gm. samples) contained 1.494 
mg. copper in total 83.0 gm., and the blood (17.0 gm. sample) 0.007 mg. per 1 
gram tissue. 

As a result of the analyses the following conclusions seem justified : 

1. Copper, in the form of copper amino acid mixture, injected 
intramuscularly into tuberculous guinea-pigs for a long period of time 
(2-100 days), enters the animal organism and is found within a few 
days after administration in largest amount and mainly in the liver, in 
small amounts in the kidneys and in traces in the blood and spleen, 
but never in appreciable amounts in the tuberculous lesions (lymph 
glands or pus), that is, less than 0.01-0.05 mg. in 3 gm. of material. 

2. The copper in the liver gradually disappears, but remains in 
fairly large amounts up to the twelfth day, great variation being found 
in different individuals. 

3. Copper, in the form of the copper amino acid mixture fed to 
normal and tuberculous rabbits for a long period of time (15-97 days), 
enters the animal organism and is found within a few days after 
administration mainly and in largest amounts in the liver, in small 
amounts in the kidneys and in traces in the blood and lungs, but not 
appreciably in either the normal or tuberculous eyes. 

These results are in agreement with those of Chittenden, 20 who 
observed, by gravimetric method, that copper fed to dogs was found 
in greatest amount in the liver, in small, but determinable, amounts in 
the kidneys and none in the stomach, small intestine, heart, lungs, brain, 
spinal cord, spleen or muscle. Copper was never demonstrated in the 
urine, so that Chittenden concludes it is eliminated with the feces by 
way of the bile. They also agree with the results of Titze and Wede- 
mann 21 who analyzed the organs of two goats after having fed them 
copper sulphate and found the liver to contain the largest amount of 
copper, and the kidneys, spleen, heart and blood small amounts. The 
mammary glands, muscle and fatty tissues were free from it. 

4. Copper, in the form of copper amino acid mixture, and as copper 
sulphate, injected intramuscularly into normal and tuberculous rabbits 
for a long period of time (37-90 days), enters the animal organism and 
is found within a few days after administration mainly and in largest 

20. Rept. U. S. Dept. Agric, 1911-13, 97, p. 435. 

21. Arb. a. d. k. Gsndhtsamte, 1911-12, 38, p. 125. 



538 Harry J. Corper 

amounts in the liver, in small amounts in the kidneys, traces in the 
blood and lungs, but not appreciably in either the normal or tubercu- 
lous eyes. 

5. Copper, in the form of copper sulphate, given intramuscularly 
for a long period of time (37 days), was still present in the liver in 
large amounts after sixteen days. Copper (as copper sulphate and 
copper amino acid mixture) given intramuscularly is present in the 
liver in fairly large amount (about 8 percent of amount given) after 
a period of five hours. A trace is also present in the blood at this time. 

THE DISTRIBUTION OF COLLOIDAL COPPER IN TUBERCULOUS 

ANIMALS 

In order to throw light on the mode of transportation of copper 
when injected or fed in simple inorganic salt form, it was thought 
advisable to compare its distribution in the animal organism under 
those conditions and when given intravenously in the colloidal form. 
Incidentally, these experiments would also throw light on the entrance 
of colloidal copper into the tubercle. 

The colloidal copper used in these experiments was prepared by 
Bredig's method, 22 using the electric arc, and the solutions were anal- 
yzed for their copper content colorimetrically. 

94. — A rabbit (2100 gm.) was given 3 intravenous injections of 40 c.c. 
colloidal copper (80-90 mg. copper per liter). Died on fifth day. Both eyes 
(7.0 gm.) contained no copper; the heart (10.0 gm.) a questionable trace; both 
lungs (21.0 gm.) a trace; the left kidney, 0.117 mg. in the total 9.0 gm. ; and 
the liver (10.0 and 13.0 gm. samples) 3.92 mg. in the total 80.0 gm. The liver 
had a peculiar mottled appearance; lungs, left kidney, spleen, and eyes appeared 
normal ; right kidney, subcapsular hemorrhage. 

95. — A rabbit (1850 gm.) with a tuberculous right eye was given colloidal 
copper (60-90 mg. copper per liter) intravenously, 10 c.c. daily for 12 days, a 
total of about 9.6 mg. copper. Died (of "snuffles") the day after the last injec- 
tion. The tuberculous right eye (2.0 gm.), normal left eye (3.0 gm.), and heart 
(12.0 gm.) contained no copper. The consolidated right lung (total lungs 24.0 
gm.) contained a trace in 14.0 gm.; the right (10;0 gm.) and left (10.0 gm.) 
kidneys a trace; and the liver (12.0 gm. samples) 2.32 mg. in a total 80.0 gm. 

Postmortem : Right lung, consolidated ; liver, kidneys, and left eye normal ; 
right eye not enlarged but entirely tuberculous. 

As a result of these analyses it is seen that copper administered to 
rabbits intravenously, in the form of colloidal copper, is distributed in 
the animal organism like the copper given intramuscularly in crystal- 
loid form (copper sulphate and copper amino acid). The larger por- 

22. Ztschr. f. angew. Chem., 1898, II, p. 951. 
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tion found was present in the liver, small amounts in the kidneys, 
traces in the lungs and none in the eyes, normal or tuberculous. 

These experiments, tho not entirely conclusive, would seem to 
indicate that copper is distributed throughout the animal organism 
after injection, not in simple salt form, but rather in the colloidal form. 
Since colloids do not readily enter tuberculous tissues, as was found 
to be the case by Wells and Helenburg, 23 who used, as colloid, egg 
albumin, we would not expect copper to enter these tissues, and this is 
borne out by the analyses. In addition, the fact that colloidal copper 
does not enter tuberculous tissues is in agreement with the results 
obtained with egg albumin, and simply adds another fact to bear out 
the statement made by Wells and Hedenburg, that colloids are not 
well suited as vehicles to carry chemical groups into tubercles. 

GENERAL SUMMARY 

Copper, in simple salt form (sulphate, acetate, oleate, and copper 
amino acid mixture prepared from hydrolyzed egg albumin), injected 
intramuscularly into normal and tuberculous guinea-pigs, in total 
amounts from 0.75 mg. up to about 19.0 mg. for about two to one hun- 
dred days, enters the animal organism and is found mainly and in 
largest amounts in the liver, in small amounts in the kidneys, in traces 
in the spleen, lungs, and blood, and not at all in the tuberculous lymph 
glands and pus. After cessation of injections the copper slowly but 
gradually decreases in amount in the liver. 

Copper, in simple salt form, injected intramuscularly in guinea-pigs, 
in amounts varying from 2.7 to 22.1 mg., during a period of thirteen to 
thirty-four days, previous to (nineteen days), coincident with (two 
days before), or after (eleven days) infection with tubercle bacilli, has 
no appreciable effect upon the progress of the tuberculosis, as indi- 
cated by the lesions present after death. 

Copper, in simple salt form, fed to rabbits in amounts up to 1,380 
mg. of copper, during a period of ninety-seven days, and injected 
(copper sulphate and copper amino acids) intramuscularly into rabbits, 
in amounts up to 55.1 mg. of copper, during periods to ninety days, 
enters the blood and is found mainly and in largest amounts in the 
liver, in small amounts in the kidneys, in traces in the lungs and blood, 
and not at all in either the tuberculous or normal eyes. 

23. Jour. Infect. Dis., 1912, 11, p. 349. 
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Copper, in the form of copper sulphate, fed to rabbits in amounts 
of 1 to 2 c.c. of a 1 percent solution daily for up to one hundred days, 
begun five days before infection, has no appreciable effect upon the 
course of the tuberculosis of the eye, as indicated by the progress of 
the disease and the final weight of the eye. 

Copper, in simple salt form, injected intramuscularly into rabbits 
in amounts of 12 to 42.9 mg. copper, for thirty-seven days, begun on 
the eleventh day after infection, has no appreciable effect upon the 
course of the tuberculosis of the eye, as indicated by the development 
of the disease in the eye. 

Colloidal copper, prepared electrolytically by Bredig's method, 
injected intravenously into normal and tuberculous rabbits in amounts 
totalling 9.6 mg., from four to twelve days, is found mainly and in 
largest amounts in the liver, in smaller amounts in the kidneys, in 
traces in the lungs, and not at all in the normal or in the tuberculous 
eyes. This distribution of colloidal copper seems to favor the con- 
ception that copper in simple crystalline form, fed or injected intra- 
muscularly into the animal organism, does not circulate in this simple 
form, but rather immediately forms colloidal combinations. If such 
is the case, this would readily explain its inability to enter tuberculous 
tissues, since it was found by Wells and Hedenburg that colloids 
(egg albumin) are not suited as entrants into the tubercle or other 
necrotic areas. 

Copper, in the form of copper amino acid mixture, does not differ 
greatly in its systemic (tested in mice with the lethal dose intraperi- 
toneally and intramuscularly about 0.05 to 0.1 mg. copper per mouse 
of 10 gm.) and local (tested intracutaneously in guinea-pigs) toxicity 
from that of copper sulphate when equal copper contents were com- 
pared. Locally, however, a difference existed in the fact that the 
copper amino acid mixture produced a hemorrhagic necrotic lesion, 
whereas the copper sulphate produced a simple necrosis. The local 
non-necrotizing concentration proved to be 0.01 percent copper, while 
0.001 percent copper still produced a slight duration. 

Copper, in the form of copper oleate (50 percent) in lanolin by 
inunction, and copper amino acid mixture applied to the skins of 
guinea-pigs, is absorbed, but only to a very slight extent and with 
uncertainty, as shown by the presence of small amounts of copper in 
the liver. 



